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SAPONIN  CONTENT  OF  ALFALFA 
AS  RELATED  TO  LOCATION,  CUTTING,  VARIETY, 
AND  OTHER  VARIABLES  1 

C.  H.  Hanson,  G.  O.  Kohler,  J.  W.  Dudley,  E.  L.  Sorensen,  G.  R.  Van  Atta, 
K.  W.  Taylor,  M.  W.  Pedersen,  H.  L.  Carnahan,  C.  P.  Wilsie, 
W.  R.  Kehr,  C.  C.  Lowe,  E.H.Standford,  and  J.  A.  Yungen2 

IMPORTANCE  OF  SAPONINS  IN  FEED 


Saponins  are  glycosides  that  occur  in  a  wide 
variety  of  plants.  Isolated  saponins  are  white 
crystalline  or  amorphous  solids  having  a  bitter 
taste  and  an  irritating  effect  on  mucous 
membranes.  They  have  a  wide  variety  of 
physiological  effects,  mostly  adverse,  on  ani- 
mals, so  saponins  are  considered  deleterious 
(14).3  Their  deleterious  effects  on  animals 
include:  Toxicity  to  fish  and  snails  (14); 
hemolytic  effects  upon  injection  (14);  inhibition 
of  the  normal  rhythmical  contraction  of  smooth 
muscle  (7);  and  inhibition  of  respiration  of 
animal  tissues  (12). 


Alfalfa  saponins,  which  belong  to  the  class 
of  triterpenoid  saponins,  are  of  practical  im- 
portance since  it  has  been  shown  that  they  are 
probably  involved  in  pasture  bloat  in  cattle  and 
sheep  (7).  Purified  alfalfa  saponins  inhibit 
growth  in  young  chickens  (2,  5, 10)  and  depress 
egg  production  in  laying  hens  (2,  6).  The 
effects  from  alfalfa  meal  are  small  because 
it  usually  is  used  in  rations  at  low  levels  as  a 
vitamin  and  protein  supplement.  Low  saponin 
alfalfa  would  be  desirable  since  saponins  have 
no  known  value  in  livestock  feed  and,  under 
some  conditions,  may  have  deleterious  effects. 


CHEMICAL  NATURE  OF  SAPONINS 


Although  considerable  work  has  been  done 
on  the  chemistry  of  the  alfalfa  saponins, 

Joint  contribution  from  Crops  Research  Division, 
and  Western  Utilization  Research  and  Development 
Division,  ARS,  USDA,  in  cooperation  with  the  California, 
Iowa,  Kansas,  Nebraska,  New  York,  North  Carolina, 
Oregon,  and  Utah  Agricultural  Experiment  Stations. 

2  Respectively,  Research  Agronomist,  CRD,  ARS, 
USDA.  Beltsville.  Md.;  Chief.  FieldCrops  Lab..  WURDD, 
ARS,  USDA,  Albany,  Calif.;  Geneticist.  CRD,  ARS,  USDA, 
Raleigh,  N.C.;  Research  Agronomist,  CRD,  ARS,  USDA, 
Manhattan,  Kans.;  Chemist,  Field  Crops  Lab.,  WURDD, 
ARS,  USDA,*  Albany,  Calif.;  General  Engineer1;  Field 
Crops  Lab.,  WURDD,  ARS,  USDA,  Albany,  Calif.;  Re- 
search Agronomist,  CRD,  ARS,  USDA,  Logan,  Utah;  Re- 
search Agronomist,  CRD,  ARS,  USDA,  Reno,  Nev.,  form- 
erly, U.S.  Regional  Pasture  Research  Lab.,  University 
Park,  Pa.;  Professor  of  Agronomy,  Iowa  State  Univers- 
ity, Ames,  Iowa;  Research  Agronomist,  CRD,  ARS, 
USDA,  Loncoln,  Nebr.;  Associate  Professor  of  Plant 
Breeding,  Cornell  University,  Ithaca,  N.Y.;  Professor  of 
Agronomy.  University  of  California,  Davis;  Assistant 
Agronomist,  Oregon  State  College,  Medford,  Or  eg. 

3  Figures  in  parentheses  refer  to  Literature  Cited 
at  end  of  this  publication. 


progress  has  been  slow  since  the  crude  saponin 
isolated  is  complex  in  nature,  and  its  com- 
ponents are  extremely  difficult  to  separate 
(3,  15).  Upon  hydrolysis  of  the  mixed  saponin, 
a  mixture  of  triterpenoid  sapogenins,  sugars, 
and  uronic  acids  was  obtained.  Among  the 
sugars  identified  were  glucose,  arabinose, 
and  xylose.  Galacturonic  acid,  galactose,  and 
rhamnose  'were  also  found,  but  in  lesser 
quantities.4  It  was  shown  by  isolation  and  by 
column  and  paper  chromatography  that  the 
sapogenin  mixture  contained  a  number  of 
components  (11,  15).  Of  these,  four  were 
isolated  and  identified,  or  characterized.  These 
were  soya-sapogenols  A,  B,  and  C  and 
medacagenic  acid  (4,  11,  17).  A  fifth,  lucernic 
acid,  was  isolated  and  partially  characterized 
but  the  complete  structure  is  not  yet  known  (8). 

The  similarity  of  properties  of  these  saponin 
components  complicates  their  separation,  but 

4  Van  Atta,  G.  R.  Unpublished  data. 
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by  the  same  token  has  made  it  possible  to  the  entire  complex  (16). 5  This  method  was 
evolve  a  method  of  analysis  which  measures       used  in  the  present  study. 


OBJECTIVES  OF  STUDY 


This  experiment  was  designed  to  obtain  in- 
formation on  the  magnitude  and  nature  of 
variation  in  saponin  content  of  alfalfa.  Some 
of  the  questions  on  which  information  was 
sought  were:  Do  varieties  differ  in  saponin 
content?  What  is  the  relative  importance  of 
varieties,  cuttings,  locations,  and  their  inter- 


actions with  respect  to  fluctuation  of  saponin 
content?  Is  saponin  content  associated  with 
yield  or  defoliation?  To  what  extent  is  saponin 
content  associated  with  protein,  crude  fiber, 
fat.  ash,  and  nitrogen-free  extract?  Would 
breeding  for  low  saponin  content  be  a  practical 
objective? 


MATERIALS  AND  METHODS 


Planting  and  Harvesting  Procedures 

The  main  part  of  this  investigation  was 
concerned  with  performance  and  chemical 
data  from  the  first  three  cuttings  of  four 
alfalfa  varieties  sampled  in  1959  at  each  of 
eight  locations.  The  varieties  Buffalo, 
Lahontan,  Ranger,  and  Vernal  were  chosen 
as  being  representative  of  the  germ  plasm 
found  in  principal  alfalfa  varieties  grown  in  the 
United  States.  The  locations  were  Ithaca,  N.Y.; 
University  Park,  Pa.;  Raleigh,  N.C.;  Ames, 
Iowa;  Lincoln,  Nebr.;  Manhattan,  Kans.  (one 
test  each  on  dryland  and  irrigated  farms);  and 
Logan,  Utah.  The  four  varieties,  three  cuttings, 
and  eight  locations  constituting  the  "core"  of 
the  experiment  on  which  combined  statistical 
analyses  were  conducted,  and  additional  va- 
rieties and  cuttings  included  at  various  loca- 
tions, are  indicated  in  table  1.  Plot  size  and 
other  plot  details  are  given  in  table  2. 

Immediately  before  harvesting  for  hay,  the 
plots  were  scored  from  0  to  7  for  defoliation. 
Scores  estimated  defoliation  as  follows: 
0  =  none,  1  =  10  percent,  2  =  20  percent,  3  =  30 
percent,  4  =  40  percent,  5  =  50  percent,  6  =  60 
percent,  and  7  =  70  percent  or  greater. 

Plots  were  harvested  when  the  alfalfa  was 
in  about  the  1/10-bloom  stage;  that  is,  when 
either  l/10th  of  the  plants  had  at  least  one 
stem  with  one  or  more  open  florets  or  when 
25  percent  of  the  plants  had  crown  shoots  1/4 
to  1/2  inch  in  height.  Cutting  height  was  3 
inches.  An  attempt  was  made  to  collect  samples 
for  analysis  between  9  a.m.  and  12  noon,  local 


standard  time.  At  each  location,  all  varieties 
were  cut  on  the  same  date. 

At  the  time  plants  were  cut  for  hay,  a  sample 
of  green  hay  sufficient  to  provide  40  grams  of 
dry  material  for  chemical  analysis  was  ob- 
tained from  a  plot  of  each  variety  in  each  of 
4  replications.  Weeds  or  foreign  material  were 
removed  before  drying.  After  drying,  replica- 
tions 1  and  2  were  composited  as  were  repli- 
cations 3  and  4  to  give  2  replications  for 
chemical  analyses.  Yield  and  defoliation  data 
were  combined  in  a  similar  manner  before 
statistical  analyses  were  made.  Temperatures 
used  for  drying  the  samples  harvested  for 
chemical  analysis  were  between  140°  and 
160°  F.,  except  in  Nebraska  where  110°  was 
used. 

Chemical  Procedures 

Total  saponin  was  determined  according  to 
the  procedure  described  by  Van  Atta  and 
others  (16).  Percentage  of  saponin,  as  de- 
termined by  the  method,  represents  the  total 
of  the  several  saponins  occurring  in  alfalfa 
(7,  15)  plus  a  nonsaponin  fraction  which  is 
not  separated  from  the  saponins  by  the  analyti- 
cal procedure.  The  proportion  of  nonsaponins 
included  in  the  analytical  products  and  weighed 
as  saponins  is  nearly  constant  and  amounts 


*  Van  Atta,  G.  R.  Supplementary  Method  for  De- 
termining Saponins  in  Alfalfa.  Jour.  Agr.  and  Food 
Chem.  [In  press.] 
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to  about  25  percent  of  the  total.6  Hence,  the 
true  saponin  contents  of  the  samples  closely 
approximate  75  percent  of  the  values  reported. 

In  addition  to  analysis  for  saponin  content, 
each  sample  was  subjected  to  a  feed  analysis, 
which  included  determinations  for  percentages 
of  protein  (Nx  6.25),  crude  fiber,  crude  fat,  ash, 
and  moisture.  Nitrogen-free  extract  was  cal- 
culated by  difference.  Methods  used  for  the 
feed  analyses  were  those  of  the  American 
Association  of  Cereal  Chemists  (1).  Each 
chemical  constituent  was  expressed  as  per- 
cent on  a  moisture-free  basis. 

Statistical  Procedures 

Combined  analyses  over  locations. — A  com- 
bined analysis  of  the  saponin  data  from  the 
"core"  cuttings,  varieties,  and  locations  was 
made.  The  expectations  of  mean  squares  for 
this  analysis  are  shown  in  table  3.  All  main 
effects  except  cuttings  were  ""assumed  to  be 
random. 

Appropriate  linear  functions  of  mean  squares 
were  used  to  estimate  each  variance  com- 
ponent. A  plot  component  was  computed  by 
adding  together  all  of  the  components  except 
that  for  the  cuttings  main  effect.  Individual 
variance  components  were  expressed  as  a 
percentage  of  the  plot  component.  A  plot 
component  computed  in  this  manner  arises 
from  variation  among  plots  within  the  same 
cutting. 

In  analyses  of  data  for  individual  locations, 
all  varieties  and  cuttings  were  included. 

Determining  associations  between  char- 
acters.— The  sum  of  squares  for  each  main 
effect  and  interaction  in  the  "core"  analysis, 
except  those  involving  replications,  were  sub- 
divided into  the  part  due  to  linear  regression 
and  the  part  due  to  deviations  from  linear 
regression  for  study  of  the  relationship  between 
saponin  and  other  characters.  The  mean  square 
for  deviations  from  linear  regression  for  each 

6 

See  footnote  5. 


effect  was  tested  with  the  same  mean  square 
that  was  used  for  testing  the  effect.  If  the 
deviation  from  regression  mean  square  was 
significant,  it  was  used  to  test  the  significance 
of  the  regression  component;  if  not,  the  error 
term  used  for  deviations  was  used  to  test  the 
regression  component.  The  test  of  significance 
of  the  mean  square  for  regression  is  also  a 
test  of  significance  of  the  correlation  coef- 
ficient and  of  the  percentage  of  reduction  in 
sums  of  squares  due  to  regression  (r^)  for  the 
particular  effect,  since  the  variance  com- 
ponent associated  with  regression  /S^^x^  is 
equivalent  algebraically  to  p^Zy  2.  Main  effects 
containing  significant  interactions  not  included 
in  any  one  mean  square  were  tested  using  the 
procedure  outlined  by  Snedecor  (13,  p.  362). 

The  regression  sums  of  squares  for  loca- 
tions, varieties,  and  cuttings  estimate  the 
degree  of  linear  association  between  saponin 
and  the  other  characters  for  the  respective 
sources  of  variation.  The  sum  of  squares  due 
to  deviations  from  linear  regression  measures 
the  variation  in  the  other  characters  that  is 
independent  of  linear  association  with  saponin 
content,  when  saponin  is  used  as  the  "X" 
variable.  Whether  saponin  is  used  as  the  "X" 
or  "Y"  variable  affects  the  test  of  significance, 
since  two  variables  are  seldom  measured  with 
the  same  degree  of  precision.  The  per- 
centage of  reduction  in  the  sum  of  squares 
due  to  regression  will  be  the  same  regard- 
less of  whether  saponin  is  the  "X"  or  "Y" 
variable. 

The  regression  sum  of  squares  for  inter- 
action effects  can  be  interpreted  as  measuring 
the  extent  to  which  the  interaction  effect  for 
saponin  varies  with  the  interaction  effect  for 
another  character. 

The  regression  sums  of  squares  were  also 
obtained  for  the  variety,  cutting,  and  variety  x 
cutting  interaction  for  the  individual  locations. 
All  varieties  and  cuttings  at  individual  loca- 
tions were  included  in  the  analyses  of  indi- 
vidual locations.  The  regression  sum  of 
squares  for  cuttings  for  the  data  from  Oregon 
was  not  computed  because  there  was  only  one 
degree  of  freedom  for  cuttings. 
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TABLE  3 .--Expected  mean  squares  for  the  analysis  of  variance  of  percentage  of 
saponin  in  alfalfa  hay  from  four  varieties, 
three  cuttings,  and  eight  locations1 


Source 


df 


Expected  mean  square' 


Locations  (L) 


Replications  in  Locations  (R(L) )  8 


Varieties  (V) 


V  x  L. 


21 


V  x  R(L)   24 


Cuttings  (C) 


C  x  L, 


14 


C  x  V. 


C  x  V  x  L, 


42 


cr^    +  3c/L  /    ,    +   12cr^.    .    +   6<T^      +  24o"^ 

e         VR(L)  R(L)         LV  L 


2  Q  2 
cr     +  3a; 


'VR(L)   +  12aR(L) 


*e  +  3am(L)  +  64  +  484 

2      _  2  .2 
cr     +  Jcr     ,   \   +  DO" 
e         VR(L)  LV 

2      -  2 
ae  +  3°VR(L) 

+  24l  +  164  +  8^LC  +  64ICi 
2      o  2  .2 

cr      +  2cr         +  ga 

e         CVL  LC 

cr2  +  2a2      +  16  a-2 
e         CVL  CV 

2  2 
ae  +  2aCVL 


Error, 


64 


Total   191 


1  Cuttings  were  assumed  to  he  fixed.  2  2 

2  Effects  measured  by  different  components  of  variance:  a  ^  ~  error;  o-^^ 

2 

=  interaction  of  cuttings  x  varieties  x  locations;  cr  ^  -  interaction  of  cut- 

2  2 
ings  x  varieties;  =  interaction  of  locations  x  cuttings;  2C^  =  fixed 

2 

cutting  effect;  cr     /  *  =  interaction  of  varieties  x  replications  in  locations; 
VR(L) 

2  2  2 

cr^  =  interaction  of  varieties  x  locations;         =  variety  main  effect;  = 

2 

replications  in  locations  main  effect;  cr    -  location  main  effect. 
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RESULTS 


Combined  Analysis  of  Saponin  Data 
from  Eight  Locations 

Mean  squares. — Differences  between  loca- 
tions, varieties,  and  cuttings,  and  the  inter- 
actions of  varieties  x  locations,  cuttings  x 
locations,  and  cuttings  x  varieties  x  locations 
were  significant  at  the  1 -percent  level  for 
percentage  of  saponin.  Other  interactions  were 
not  significantly  different  from  zero  (table  4, 
column  3). 

Variance  component  estimates. — The  com- 
ponents making  significant  contributions  to 
plot  variation  within  cuttings  fall  into  roughly 
three  classes  (table  5)  with  cuttings  x  loca- 
tions contributing  most  (36.7  percent);  main 
effects  of  locations  and  varieties  contributing 
the  next  greatest  amounts  (18.4  and  16.4 
percent,  respectively);  and  cuttings  x  varieties 
x  locations,  error,  and  locations  x  varieties 


contributing  the  least  (10.0,  11.4,  and  6.0 
percent,  respectively).  Since  the  cutting  effect 
was  assumed  to  be  fixed,  it  was  not  included 
in  the  plot  component.  However,  the  cutting 
effect  was  greater  than  that  of  any  other 
variable. 

Means  for  saponin  content. — For  the  average 
of  the  eight  locations  in  the  "core"  of  the 
study,  Lahontan  was  lowest  in  saponin  con- 
tent followed  by  Ranger,  Buffalo,  and  Vernal 
in  that  order  (table  6,  column  10).  Labontan 
was  consistently  the  lowest  ranked  variety 
at  all  locations.  The  ranking  of  the  other 
three  varieties  varied  with  location,  thus 
accounting  for  the  significant  variety  x  location 
interaction. 

The  first  cutting  was  lower  in  saponin 
content  than  the  other  two  cuttings  at  all 
locations   except   North  Carolina  and  Utah, 


TABLE  4-. --Mean  squares  from  the  combined  analysis  of 

variance  of  percentage  of  saponin  in  alfalfa 


Source  of  variation 

df 

Mean  square 

7 

0.7255** 

Replications  in  Locations  (R  in  L) . 

8 

.0284 

3 

1.4297** 

21 

. 0770** 

24 

.0151 

2 

3.7909** 

14- 

.5589** 

6 

.0654 

42 

.0541** 

64 

.0196 

**  =  significant  at  the  1-percent  level. 
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TABLE  5. — Variance  component  estimates  from  combined  analysis 
for  percentage  of  saponin  in  alfalfa 


Component 


Estimate 


Estimate  expressed  as 
2 

percentage  of  ^piot1 


r(l) 


V 


;LV 


RV(L) 


0.0316 
.0011 
.0282 
.0103 

-.0015 
.0631 


18.4 
.6 
16.4 
6.0 
.02 
36.7 


CV 
2 

^CVL 
Error  (cr2) 
2 

cr 

plot 


1C 


.0007 

.0172 
.0196 

.1718 


.1006 


.5 

10.0 
11.4 

100.0 


plot 


=  0.0316  +  . . .  +  0.0196. 


2  Small  negative  component  which  was  assumed  to  estimate  zero, 


whsre  cuttings  were  not  significantly  different. 
As  an  average  of  eight  locations,  the  first 
cutting  was  low  and  the  second  and  third 
cuttings  were  approximately  equal  in  saponin 
content. 

The  eight  locations  fall  into  three  classes  for 
saponin  content  with  Utah  low;  Iowa,  Kansas 
irrigated,  New  York,  and  Pennsylvania  inter- 
mediate; and  Kansas  dryland,  Nebraska,  and 
North  Carolina  high.  This  relationship  was  not 
consistent  for  all  cuttings.  However,  North 
Carolina  was  one  of  the  three  locations  having 
the  highest  saponin  content  for  each  cutting. 


Varieties  and  Cuttings  Not  Common 
to  All  Locations 

Variety,  cutting,  and  cutting  x  variety  means 
for  all  characters  measured  are  given  for 
each  of  the  10  locations  in  appendix,  tables 
9  to  18.  Du  Puits,  which  was  included  only  in 
the  two  Kansas  tests  and  in  Utah,  was  highest 
in  percentage  of  saponin  at  each  of  these  three 
locations.  African,  included  only  in  North 
Carolina  and  California,  had  the  lowest  saponin 
content  in  both  tests.  Caliverde,  evaluated  only 
in  the  California  test,  was  highest  at  this 
location. 
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Differences  in  cutting  means  were  significant 
at  all  locations  except  California,  North  Caro- 
lina, Pennsylvania,  and  Utah.  Significant  cutting 
x  variety  interactions  were  found  for  these  four 
locations  except  North  Carolina.  Of  the  loca- 
tions showing  significant  differences  among 
cuttings,  only  the  two  Kansas  locations  had 
significant  cutting  x  variety  interactions. 

Relationship  of  Saponin  Content  to 
Yield,  Defoliation,  and  Other 
Chemical  Constituents 

Association  with  yield. — Saponin  content  and 
yield  were  significantly  negatively  correlated 
for  the  main  effect  of  cuttings  and  for  the  inter- 
action effects  of  varieties  x  locations  and 
cuttings  x  varieties  (table  7).  A  correlation 
coefficient  is  regarded  significant  if  the  sum  of 
squares  due  to  regression  was  significant  at 
the  5-percent  level  when  saponin  was  used 
either  as  the  "X"  or  "Y"  variable.  The  first 
cutting  was  low  in  saponin  and  the  other  two 
cuttings  were  high,  while  the  first  cutting  was 
high  in  yield  relative  to  the  other  two  cuttings, 
thus  accounting  fov  the  negative  association 
over  cuttings  (table  8).  Conversely,  the  corre- 
lation for  variety  means  was  positive  and 
highly  significant,  primarily  because  Lahontan, 
the  lowest  yielding  variety,  was  also  lowest  in 
saponin. 

Except  for  California,  the  individual  location 
analyses  of  variance  (appendix,  tables  19  to  28) 
agreed  well  with  the  combined  analysis.  For 
California,  which  was  not  included  in  the 
combined  analysis,  the  cuttings  correlation 
was  positive  and  highly  significant.  Of  the  other 
locations,  only  Ames,  Iowa,  and  Raleigh,  N.C., 
had  significant  correlations  over  varieties, 
while  only  University  Park,  Pa.,  had  a  sig- 
nificant correlation  over  cuttings.  In  these 
three  cases,  the  sign  of  the  correlation  was 
the  same  as  that  obtained  from  the  combined 
analysis. 

Association  with  defoliation  score. — The 
highly  significant  negative  correlation  found 
for  percentage  of  saponin  and  defoliation  among 
variety  means  (table  7)  arose  because  La- 
hontan, which  was  consistently  low  in  saponin, 
was  also  consistently  high  in  defoliation  score 
(table  8).  For  locations  and  cuttings  where 


defoliation  score  was  the  same  for  all  varie- 
ties— Kansas  irrigated,  second  cut;  Nebraska, 
all  cuttings;  and  Pennsylvania,  first  two 
cuttings — Lahontan  was  lowest  in  saponin 
content  of  the  four  "core"  varieties  in  all 
cases  except  the  first  cutting  in  Pennsylvania. 

Association  with  protein. — Only  the  correla- 
tions for  cuttings  and  the  interaction  cuttings  x 
varieties  were  significant  in  the  combined 
analysis  (table  7).  The  significant  correlation 
for  cuttings  resulted  from  low  saponin  and 
protein  contents  in  the  first  cutting  with  an 
increased  level  of  both  saponin  and  protein  in 
the  second  and  third  cuttings.  The  significant 
correlation  for  the  interaction  of  varieties  x 
cuttings  indicated  a  significant  association  of 
cutting  x  variety  interaction  effects  for  saponin 
and  protein. 

A  highly  significant  negative  correlation  of 
saponin  and  protein  found  among  variety  means 
in  Utah  (appendix,  table  23)  resulted  from  in- 
clusion of  Du  Puits  and  Tourneur  501  in  the 
analysis.  Du  Puits  and  Tourneur  501  were 
lower  in  protein  and  higher  in  saponin  than  the 
other   varieties   tested   (appendix   table  13). 

Associations  with  fiber. — The  significant 
negative  correlation  among  variety  means 
resulted  from  Lahontan  and  Ranger  being 
higher  in  fiber  and  lower  in  saponin  than  the 
other  two  varieties  (tables  7  and  8).  The 
negative  correlation  of  saponin  and  fiber  for 
cutting  means  resulted  from  the  first  cut  being 
high  in  fiber  and  low  in  saponin,  while  the 
other  two  cuts  were  lower  in  fiber  and  higher 
in  saponin. 

Associations  with  ash. — The  cuttings  main 
effect  and  the  cutting  x  variety  interaction 
correlations  were  positive  and  significant  for 
this  character  (table  7).  The  cuttings  correla- 
tion resulted  from  low  ash  and  saponin  in  the 
first  cutting  as  compared  to  the  other  two 
cuttings  (table  8). 

Associations  with  fat. — The  correlations  be- 
tween fat  and  saponin  among  variety  means 
and  among  cuttings  were  highly  significant 
and  positive  (table  7).  Again  the  fact  that 
Lahontan  was  low  in  fat  and  saponin  com- 
pared   to    the   other   varieties   caused  the 
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significant  variety  correlation,  while  low  sap- 
onin and  fat  in  the  first  cutting  relative  to  the 
second  and  third  cuttings  caused  the  significant 
correlation  among  cuttings  (table  8). 

Associations  with  nitrogen-free  extract. — 
The  correlation  between  saponin  and  nitrogen- 


free  extract  for  cutting  means  was  positive 
and  significant,  but  none  of  the  other  correla- 
tions between  saponin  and  nitrogen-free  ex- 
tract were  significant.  The  positive  correlation 
resulted  from  low  saponin  and  nitrogen-free 
extract  in  the  first  cutting  compared  to  the 
second  and  third  cuttings. 


DISCUSSION 


The  cutting  x  location  interaction  accounted 
for  the  largest  percentage  (36.7  percent)  of  the 
plot  variation  for  saponin  of  any  of  the  com- 
ponents included  in  the  analysis.  Locations 
and  varieties  were  the  next  largest  in  per- 
centage Contributions  (18.4  and  16.4  percent, 
respectively).  Although  cuttings  were  treated 
as  a  fixed  effect  and  could  not  be  included  in 
the  variance  component  estimate  for  plots, 
variation  among  cuttings  was  greater  than 
that  for  any  other  variable  in  the  experiment. 
This  was  not  true  for  every  location,  however, 
since  cuttings  were  not  significantly  different 
in  saponin  at  three  locations.  These  results 
indicated  that  saponin  content  is  under  both 
genetic  and  environmental  control. 

The  relative  importance  of  the  several 
sources  of  variation  for  any  particular  ex- 
periment will  be  influenced  by  the  varieties, 
locations,  and  cuttings  included  in  that  experi- 
ment. Had  Lahontan  not  been  included  in  this 
test,  the  variety  component  would  have  been 
greatly  reduced.  Conversely,  if  Du  Puits  and 
African  had  been  included  in  the  overall 
analysis,  and  their  performance  had  been  con- 
sistent with  that  observed  in  the  few  loca- 
tions where  each  was  included,  the  variety 
component  would  have  been  increased  ma- 
terially. With  the  variation  observed  among 
varieties,  it  would  seem  reasonable  to  con- 
clude that  saponin  content  can  be  altered  by 
breeding.  The  extent  to  which  saponin  content 
can  be  altered  by  breeding  will  depend  on  the 
genetic  variation  among  individual  plants, 
which  was  not  measured  in  this  study. 

If  a  particular  level  of  saponin  were  desired 
in  a  product  derived  from  alfalfa,  judicious 
selection  of  the  location  and  cutting  from  which 


alfalfa  is  obtained  would  aid  in  getting  the 
desired  saponin  content.  Although  years  were 
not  measured  as  a  variable  in  this  study,  it 
seems  reasonable  to  assume  that  saponin 
content  would  vary  with  years,  and  that  years 
would  affect  the  relative  importance  of  the 
other  variables  studied. 

The  pattern  of  variation  for  saponin  content 
was  very  different  from  that  for  coumestrol.7 
In  the  coumestrol  study,  the  effect  of  varieties 
was  smaller;  environmental  effects  were 
larger.  This  result  would  seem  to  indicate 
that  saponin  content  might  be  more  easily 
altered  by  breeding  than  coumestrol  content. 

In  interpreting  the  associations  between 
saponin  and  the  other  characters  at  the  variety 
level,  it  is  necessary  to  consider  the  charac- 
teristics of  the  varieties  involved.  Lahontan  is 
lower  in  yield  at  the  locations  studied  and  is 
more  susceptible  than  the  other  varieties  to 
leafspot  diseases,  which  are  important  in  the 
Eastern  United  States.  Hence,  it  would  be 
expected  to  show  a  higher  defoliation  score 
than  the  other  varieties.  Since  Lahontan  had 
the  lowest  saponin  content  of  the  four  varieties 
in  the  "core"  of  the  study,  a  significant  positive 
correlation  of  saponin  with  yield  and  a  sig- 
nificant negative  correlation  with  defoliation 
score  resulted.  Because  stems  are  higher  in 
crude  fiber  than  leaves,  and  varieties  with  a 
higher  defoliation  score  would  have  a  lower 
percentage  of  leaves,  a  negative  correlation  of 
saponin  with  crude  fiber  would  be  expected, 
and  this  was  obtained.  It  might  be  concluded 
that  Lahontan  was  low  in  saponin  because  of 

7  Hanson,  C.  H.,  and  others.  Coumestrol  Content  of 
Alfalfa  as  Related  to  Location,  Cutting,  Variety,  Stage 
of  Growth,  and  Other  Variables.  [In  preparation.] 
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defoliation.  However,  examination  of  data  from 
the  six  cutting- location  combinations  in  which 
the  mean  defoliation  score  was  the  same  for 
all  varieties  indicated  that  in  every  case  except 
one,  Lahontan  had  the  lowest  saponin  content  of 
the  four  "core"  varieties.  Thus,  the  genetic 
difference  in  saponin  content  between  Lahontan 
and  other  varieties  apparently  is  not  accounted 
for  by  differences  in  defoliation. 

The  "core"  varieties — Lahontan,  Buffalo, 
Ranger,  and  Vernal — differed  only  slightly  in 
time  of  flowering.  African  and  Du  Puits 
flowered  somewhat  earlier  than  any  of  the 
"core"  varieties,  but  were  lower  and  higher, 
respectively,  in  saponin  content  at  locations 
where  either  was  included.  Time  of  flowering, 
per  se,  did  not  appear  to  have  a  consistent 
effect  on  saponin  content. 

Highly  significant  correlations  between 
saponin  stnd  all  other  characters  except  de- 
foliation were  found  for  cuttings.  The  associa- 
tions over  cuttings  result  from  the  high  yield 
and  crude  fiber  content  of  the  first  cutting 
and  the  low  protein,  ash,  fat,  and  N-free  sub- 
stances of  the  first  cutting  compared  to  the 
second  and  third  cuttings.  The  second  and  third 
cutting.s  were  similar  for  all  characters  for 
which  significant  correlations  with  saponin 
were  noted.  High  first  cutting  yields,  coupled 


with  high  crude  fiber  and  lower  protein  content, 
is  the  usual  situation  at  the  locations  in  the 
"core"  of  the  study.  The  difference  in  yield 
between  first  and  later  cuttings  can  be  ac- 
counted for  by  moisture  and  other  environ- 
mental conditions  being  more  favorable  for 
forage  production  at  the  time  of  the  first 
cutting.  Since  saponin  was  low  in  the  first 
cutting,  it  appears  that  environmental  factors 
which  favor  high  yield  favor  low  saponin.  This 
is  the  opposite  of  the  genetic  situation,  wherein 
the  lowest  yielding  varieties  were  also  lowest 
in  saponin. 

The  correlations  involving  varieties  are 
those  of  most  concern  to  the  plant  breeder 
since  these  are  essentially  genetic  correla- 
tions. If  the  breeder  is  interested  in  lowering 
saponin  content,  a  decrease  in  yield  and  fat 
content,  coupled  with  an  increase  in  defoliation 
and  fiber  content,  would  be  indicated  by  the 
correlations  obtained.  However,  as  has  already 
been  pointed  out,  low  saponin  can  be  obtained 
without  differences  in  defoliation  among  varie- 
ties. The  correlations  obtained  are  among 
variety  means  and  may  or  may  not  represent 
the  genetic  correlations  which  exist  among 
individual  plants  within  varieties.  Since  selec- 
tion programs  deal  with  individual  plants,  it 
may  be  possible  to  develop  low  saponin  varie- 
ties with  high  yield  and  low  fiber. 


SUMMARY 


Three  cuttings  of  the  alfalfa  varieties 
Buffalo,  Ranger,  Lahontan,  and  Vernal  at 
Ithaca,  N.Y.;  University  Park,  Pa.;  Raleigh, 
N.C.;  Ames,  Iowa;  Lincoln,  Nebr.;  Manhattan, 
Kans.  (one  test  each  on  dryland  and  irrigated 
farms);  and  Logan,  Utah,  were  evaluated 
for  saponin  content,  protein,  crude  fiber, 
ash,  fat,  nitrogen-free  extracts,  defoliation 
score,  and  hay  yield.  The  four  varieties, 
three  cuttings,  and  eight  locations  consti- 
tuted the  "core"  of  the  experiment  on  which 
the  combined  statistical  analyses  were  con- 
ducted. Information  was  obtained  on  additional 
varieties  and  cuttings  at  some  locations,  on 
two  cuttings  of  the  "core"  varieties  at  Medford, 
Oreg.,  and  on  a  different  set  of  varieties  at 
Davis,  Calif. 


Components  of  variance  making  significant 
contributions  to  plot-to-plot  variation  in 
saponin  content  and  the  percentages  contributed 
by  each  were  cuttings  x locations,  36.7 percent; 
locations,  18.4  percent;  varieties,  16.4  percent; 
error,  11.4  percent;  cuttings  x  varieties  x 
locations,  10.0  percent;  and  locations  x  va- 
rieties, 6.0  percent. 

The  significant  contribution  of  the  variety 
component  indicated  that  saponin  content  can 
be  altered  by  breeding.  Since  cuttings  were 
assumed  to  be  a  fixed  variable  in  the  analysis, 
a  component  for  cuttings  was  not  included  in 
the  plot-to-plot  variation.  However,  it  was 
apparent  that  variation  among  cuttings  was 
greater  than  for  any  other  variable. 
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Of  the  varieties  in  the  "core"  of  the  ex- 
periment, Lahontan  was  lowest  in  saponin 
content.  There  was  little  variation  among  the 
other  varieties.  African,  included  only  at 
Raleigh,  N.C.,  and  Davis,  Calif.,  was  lower 
in  saponin  than  Lahontan.  Caliverde  was  higher 
in  saponin  than  any  of  the  "core"  varieties  at 
Davis,  Calif.,  the  only  location  where  it  was 
tested.  Du  Puits,  tested  only  at  Logan,  Utah, 
and  in  the  two  Kansas  tests,  was  higher  in 
saponin  than  any  of  the  "core"  varieties. 

The  first  cutting  averaged  lower  than  the 
second  and  third  in  saponin  content.  The  second 
and  third  cuttings  were  similar. 

Over  cuttings,  saponin  was  significantly 
positively  correlated  with  protein,  ash,  fat,  and 
N-free   extract  and  significantly  negatively 


correlated  with  crude  fiber  an.d  hay  yield. 
These  correlations  resulted  primarily  from  the 
difference  between  the  first  cutting  and  the 
other  two  cuttings  for  the  characters  involved. 
The  first  cutting  was  low  in  saponin  and  high 
in  yield  compared  to  the  other  two  cuttings. 

Among  varieties,  significant  positive  corre- 
lations of  saponin  with  hay  yield  and  fat 
content,  and  significant  negative  correlations 
of  saponin  with  crude  fiber  and  defoliation 
score  were  found.  These  correlations  resulted 
primarily  from  differences  between  Lahontan 
and  other  varieties. 

The  importance  of  these  correlations  in  a 
breeding  program  aimed  at  changing  saponin 
content  will  depend  on  the  extent  to  which  they 
represent  the  genetic  correlations  which  exist 
among  individual  plants. 
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TABLE  30. --Mean  squares  from  the  analysis  of  saponin,  defoliation,  and  yield  with 
the  regressions  of  saponin  on  yield  and  defoliation  of  alfalfa  1/ 


Source  of  variation 

d.f . 

Saponin 

Defoli- 
ation 

d.f. 

Saponin 

Hay 
yie  Id 

Locations  (L)  

5 

0.8011** 

20.8625** 

6 

0.8365** 

2.7851* 

1 

25.1148+ 

1 

5.5595- 

Deviations  

4 

19.7994 

5 

2.2302* 

Replications  in 

locations  (R  in  L)- 

6 

.0212 

.0069 

7 

.0319 

. 3540** 

Varieties  (V)  

3 

1.0445** 

3.9329** 

3 

1.3860** 

.5177** 

1 

10.9603-  ** 

1 

1.3991+  ** 

2 

.4192 

2 

.0770 

V  x  L   

15 

.0802** 

.6773** 

18 

.0801 

.0738** 

1 

.3166- 

1 

.5139-  ** 

Deviations  

14 

.7031** 

17 

.0480 

V  x  R  in  L  

18 

.0136 

.0069 

21 

.0164 

.0269 

Cuttings  (C)  

2 

3.2774** 

13.1875 

2 

2.6889 

17.2601** 

1 

2.8281- 

1 

34.3266-  ** 

Deviations  

1 

23.5468 

1 

.  1935 

C  x  L   

10 

.4048** 

9.0375 

12 

.4382 

.7382** 

1 

3.9263- 

1 

.1909- 

Deviations  

9 

9.6054** 

11 

.7880** 

C  x  V  -  

6 

.0628 

.3356 

6 

.0613 

.1233** 

1 

.2047- 

1 

.3987-  ** 

Deviations  

5 

.3618 

5 

.0683 

C  x  V  x  L  

30 

.0679** 

.1634* 

36 

.0580 

.0286 

1 

.5068+ 

1 

.0039- 

Deviations  

29 

.1516* 

35 

.0293 

Error  

48 

.0187 

.0070 

56 

.0199 

.0215 

1/    *  Significant  at  the  5-percent  level;  **  significant  at  the  1-percent  level; 
+  or  -  following  the  regression  mean  squares  indicates  the  sign  of  the  regression 
coefficient . 
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